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The effect of infarct maturation on the temporal sequence 
of contraction within infarct zones has not previously been 
described. Accordingly, the time-varying pattern of con- 
traction within ischemic/infarct zones was studied with use 
of cross-sectional echocardiography in 17 dogs at 10 min to 
6 weeks after acute experimental myocardial infarction. 
Left ventricular short-axis images were digitized from 
end-diastole to end-systole and endocardial fractional ra- 
dial change along 36 evenly spaced rays was calculated. The 
circumferential extent of dyskinesia and the number of rays 
that exhibited maximal dyskinesia were determined for 
each decile of the normalized contraction sequence. Be- 
tween 10 min and 1 week after infarction, the greatest 
circumferential extent of dyskinesia occurred between the 
3rd and 4th deciles of the normalized contraction sequence. 
However, as the infarct matured, the greatest spatial 
expanse of dyskinesia was noted to occur progressively 
earlier in the contraction sequence (second decile at 6 
weeks), and the extent of mid- to late-systolic dyskinesia 
decreased markedly. Whereas end-systolic dyskinesia was 
present in 30% to 50% of ischemic/infarct zone rays from 
10 min to 48 h, end-systolic dyskinesia was no longer 
observed at 6 weeks. Similarly, the maximal amplitude of 
dyskinesia was most commonly observed during mid- 
systole from 10 min to 48 h, but occurred progressively 
earlier as the infarct matured, falling during the first decile 
at 6 weeks after infarction. 
These data suggest that maximal circumferential extent 
and amplitude of dyskinesia occur progressively earlier in 
the systolic contraction sequence as the infarct matures. An 
awareness of these temporal variations in the contraction 
pattern is important in the use of wall motion as a marker 
of left ventricular dysfunction after myocardial infarction. 
(J Am Co11 Cardiol1989;13:730-6) 
The extent of myocardial dysfunction is an important deter- 
minant of both survival and subsequent cardiac status after 
acute myocardial infarction (l-5). As a result, methods for 
quantifying myocardial damage based on the angiographic or 
echocardiographic extent of wall motion abnormalities have 
been developed (6-10). The majority of these methods define 
the region or regions of abnormal wall motion and, hence, 
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We recently demonstrated (1 l), using two-dimensional 
echocardiography, that there is significant temporal varia- 
tion in both the circumferential extent and the magnitude of 
dyskinesia within the ischemic segment at 1 h after experi- 
mental myocardial infarction. In that study, both the maxi- 
mal degree and greatest circumferential extent of dyskinesia 
occurred during the first one-third to one-half of systole, 
with dyskinesia being present at end-systole in only 40% of 
rays falling within the ischemic zone. Temporal variability in 
myocardial contraction has also been described in chronic 
ischemic states (12-16), but the evolution of these changes 
from the acute to the chronic state has not been well defined. 
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The purpose of this study was to determine whether there 
is significant variation in the temporal sequence of contrac- 
tion abnormalities within ischemic/infarct zones between 10 
min and 6 weeks after experimental myocardial infarction. 
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the functionally affected myocardium, on the basis of quan- 
titative changes in amplitude of contraction between end- 
diastolic and end-systolic frames. 
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Methods 
Animal preparation. Seventeen mongrel dogs were stud- 
ied. Eleven animals constituted the acute study group, which 
was studied intensively over the initial 6 h after infarction, 
and six dogs constituted the chronic study group, which was 
examined serially during a 6 week period after infarction. A 
standardized, closed chest preparation that facilitated echo- 
cardiographic imaging was used to prepare both study 
groups. A left thoracotomy was performed under general 
anesthesia (alpha-chloralose, 60 mg/kg body weight, or so- 
dium pentobarbital, 30 mglkg) and approximately 8 cm of the 
5th and 6th ribs was resected. A pericardial cradle was 
constructed by suturing the free edges of the pericardium to 
the chest wall. A silk snare was placed around the left 
anterior descending coronary artery in eight dogs (five in the 
acute and three in the chronic group) and around the left 
circumflex artery in nine dogs (six in the acute and three in 
the chronic group). The snare was passed through a Teflon 
catheter, which was tunneled under the skin to a cervical 
pouch. The chest was closed and the dog allowed to recover. 
After a 2 to 5 day recovery period, the dogs were 
reanesthetized with sodium pentobarbital or alphachloralose 
and a cat’heter was inserted into the femoral artery to 
monitor arterial pressure. Control echocardiographic images 
were obtained as described later and the previously placed 
coronary snare was tightened to produce complete, perma- 
nent coronary occlusion. 
The 11 dogs in the acute study group were imaged 
echocardiographically at 10,30,60, 180 and 360 min after the 
coronary ligation. After the 6 h study, the dogs were killed 
with a sodium pentobarbital overdose. 
The six dogs in the chronic study group were studied 
echocardiographically at 30 min after coronary ligation and 
then permitted to recover. Echocardiographic studies were 
repeated under general anesthesia at 48 h and at 1, 3 and 6 
weeks after coronary ligation. After the 6 week study, these 
six dogs were killed with a sodium pentobarbital overdose. 
Determination of extent of infarction. Immediately after 
death, the entire heart was excised and the coronary ligature 
removed. The left and right coronary arteries were injected 
with approximately 500 ml of TTC solution (2,3,5 triphenyl- 
tetrazolium chloride, 5 g/250 ml normal saline). The heart 
was then packed with gauze and frozen (acute group) or 
formalin fixed (chronic group). 
After partial thawing (acute group), or formalin fixation 
(chronic group), the left ventricle was dissected free of the 
right ventricle and atria and sectioned tranversely from base 
to apex in 1 cm slices. Slices from dogs in the acute group 
were incubated in the TTC solution for 30 min. The apical 
and basal surfaces were then photographed. 
The photographic images of the mid-papillary myocardial 
sections that corresponded to the echocardiographic imag- 
ing plane were projected with use of a rear screen projector 
and the endocardial and epicardial contours and infarct 
(non-TTC staining) segments traced onto a transparency 
overlying the projected image. Each of the areas was then 
digitized with use of a digitizing tablet interfaced with a 
Microsonics EZ-Vue II and the point coordinates were 
stored on a VAX 1 l/780 computer. The endocardial center of 
area was computed by a previously described method (10) 
and radii extended from this point at 5” intervals to intersect 
the digitized endocardial and epicardial borders. 
The infarct zone for the dogs in the acute group was 
defined as those rays that intersected areas of myocardium in 
which TTC staining was absent. Definition of the infarct 
zone in the dogs in the chronic study group was performed in 
a similar fashion, but based on the rays intersecting regions 
of histologic myocardial scar. These rays defined the isch- 
emiclinfarct zones from which echocardiographic data were 
analyzed. 
Echocardiography. Two-dimensional echocardiographic 
images of the left ventricle were obtained with an ATL Mark 
III mechanical sector scanner equipped with a 3.5 or 5 MHz 
transducer and were recorded on 0.50 in. (1.27 cm) VHS 
videotape. In each case, the imaging plane was oriented to 
obtain a parasternal short-axis view of the left ventricle at 
the mid-papillary muscle level. This plane was defined as 
that which contained both papillary muscles and the false 
tendon, which invariably courses from the posteromedial 
papillary muscle to the septal endocardium. Short-axis align- 
ment was assured by rotation and angulation to obtain the 
least degree of vertical and horizontal obliquity. An electro- 
cardiogram (ECG) was recorded simultaneously. 
Echocardiographic data analysis. The echocardiographic 
studies were reviewed in real time, and cycles in which the 
endocardium was optimally visualized throughout the car- 
diac cycle were transferred to a video disc for subsequent 
analysis. The endocardium was manually digitized for each 
field (16.7 ms/field) from end-diastole to end-systole with use 
of the EZ-Vue II image analysis system (Microsonics Inc.), 
which was interfaced with a DEC VAX 11/780 computer. 
End-diastole was defined as the field with the largest ven- 
tricular cavity area occurring after the R wave of the ECG 
and preceding inward movement of the endocardium. End- 
systole was defined as the field with the smallest left ven- 
tricular cavity. 
The endocardial center of area for each jield was calcu- 
lated. When necessary, the endocardial outline was rotated 
to center the zero degree reference point, defined as the 
epicardial midpoint between the papillary muscles, to the 3 
o’clock position of a radial coordinate system. An average 
center of area for all digitized fields was then computed, and 
endocardial motion calculated along 36 equally spaced rays 
emanating from this center. Distance along each ray from the 
average center was normalized to the end-diastolic ray 
length and motion expressed as the fractional radial change 
(FRC) along each ray: 
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ED 
where ED is end-diastolic ray length and ES is end-systolic 
ray length. 
The circumferential extent of dyskinesia was determined 
by counting the number of rays within the infarct zone 
exhibiting dyskinesia during each field of the contraction 
sequence. The field in which the maximal amplitude of 
dyskinesia (greatest negative fractional radial change) oc- 
curred was noted for each ray. Dyskinesia was defined as a 
negative fractional radial change, or outward motion along a 
radius that was present at two or more consecutive points in 
time, but not including the initial field. The aim of this 
definition was to exclude random outward movement occa- 
sionally seen in both abnormal and normal segments. Fur- 
ther, dyskinesia rather than akinesia or hypokinesia, or both, 
was chosen because it is clearly defined and accepted as 
being definitely abnormal and no rays traversing normal 
myocardium exhibited dyskinesia. 
Interobserver and intraobserver error estimates. The er- 
rors in the method of quantitative wall motion analysis 
employed in this study have been previously reported (10). 
The estimate of error for a single measurement is 5% and 
results from interobserver variation and intercycle variabil- 
ity, whereas intraobserver error is negligible. 
Statistical analysis. As the number of systolic fields var- 
ied between serial studies and among the different animals, 
the data were normalized by partitioning each systolic 
contraction sequence into 10 temporally equal segments or 
deciles. The number of rays exhibiting dyskinesia during 
each decile, expressed as a percentage of the total number of 
rays within the ischemic zones, was plotted against decile for 
each of the study periods from 10 min to 6 weeks. Time and 
endocardial excursion are continuous variables. Both the 
video frame rate (16.7 msl-field) and the normalization 
process distort temporal and spatial continuity, creating 
artificial peaks and troughs. To reduce the noise introduced 
by these processes and return the data to a continuum, 
polynomials with zero intercepts were fitted to the data for 
each study period with use of the least squares method. 
Curves were constrained to pass through zero, which is, by 
definition, end-diastole, the reference point for all move- 
ment. 
Similarly, the percentage of rays displaying maximal 
amplitude of dyskinesia during each decile was plotted, and 
polynomials with zero intercepts were fitted to the data. The 
extent of dyskinesia was best represented as a third order 
polynomial, whereas the maximal amplitude of dyskinesia 
exhibited the best fit with a 4th order polynomial. The fitted 
curves exhibited variable degrees of rise above their nadirs 
and dips beneath the x axis, which are inherent features of 
the polynomial function and do not reflect the raw data 
beyond the curve’s nadir. Paired t testing, with protection 
against multiple comparisons, was employed to test for 
differences between the fitted coefficients. A p value of 
co.0125 was considered significant in accordance with the 
Bonferroni theorem for four comparisons per pair of curves. 
A significant difference between any two corresponding 
polynomial coefficients implied a significant difference be- 
tween the curves. 
Results 
Transmural extent of infarction. All animals had ~75% 
transmural infarction in the center of the ischemic/infarcted 
zone and the degree of transmurality became progressively 
less toward the edges of the infarcted segment. The average 
transmurality for all involved rays was similar for the acute 
(50 + 6%) and chronic (54 2 16%) groups. 
Circumferential Extent of Dyskinesia 
Acute studies. One hundred seventy-six rays intersected 
the zone of infarction as defined by the absence of TTC 
staining (mean rays/dog 19.6, range 9 to 25). The time-related 
variation in the spatial extent of dyskinesia for each of the 
acute study periods is illustrated by curves 1 to 5 of Figure 
1A. The corresponding polynomial functions are given in 
Table 1. 
Between 10 and 30 min the cumulative percentage of rays 
exhibiting dyskinesia at any point during systole increased 
from 66% to 82% of the total number of rays at risk. The 
increase in number of involved rays from 10 to 30 min was 
evident during all deciles (p < 0.0125). Thereafter (30 min to 
6 h), the proportion of dyskinetic rays to rays at risk 
remained stable at between 80% and 83% (NS). Likewise, 
the temporal pattern of dyskinesia within the ischemic zone 
remained constant, with the greatest circumferential extent 
of dyskinesia occurring between 36 and 43% of the systolic 
contraction period (p = NS). 
Chronic studies. A total of 96 rays intersected the region 
of infarction defined by histology in the dogs in the chronic 
study group (mean rays/dog 13.7, range 7 to 21). The 
smoothed temporal pattern of dyskinesia for each of the five 
chronic study periods is shown in curves 1 to 5 of Figure lB, 
and the corresponding polynomial functions are given in 
Table 1. At 30 min after infarction, the circumferential extent 
and pattern of dyskinesia were similar to those observed in 
the acute study group at the same sampling point (p = NS). 
Thereafter, the cumulative percentage of rays exhibiting 
dyskinesia at any point during systole decreased progres- 
sively from 84% at 30 min to 71% at 48 h, 63% at 1 week, 
58% at 3 weeks and 49% at 6 weeks (p < 0.0125). 
Between 30 min, 48 h and 1 week after infarction, the 
temporal pattern of dyskinesia varied significantly (p < 
0.0125). From 1 to 6 weeks, the pattern of dyskinetic motion 
was constant; however, the peak expanse decreased pro- 
JACC Vol. 13, No. 3 ASCAH ET AL. 733 
March I. 1989:730-h EVOLUTION OF THE CONTRACTION SEQUENCE 
MINUTES 
- to 
100 r -x) 
0 1 2 3 4 5 6 7 6 9 10 
B DECILE 
Figure 1. Percent of rays exhibiting dyskinesia per decile. A, Acute 
study. Percent of rays exhibiting dyskinesia is shown on the y axis, 
and time during systole, divided into deciles, is on the x axis. 
End-diastole is at 0 and end-systole at 10 on the x axis. The fitted 
polynomial functions for each of the acute study periods are curves 
1 to 5. Curve 1 = 10 min (solid line); curve 2 = 30 min (dark solid 
line); curve 3 = 60 min (dashed line); curve 4 = 180 min (dot-dashed 
line); curve 5 = 360 min (dotted line). B, Chronic study. The fitted 
polynomial functions for the chronic study periods are shown in 
curves 1 to 5. The axes are the same as for the acute study. Curve 
1 = 30 min (dark solid line); curve 2 = 48 h (single solid line); curve 
3 = 1 week (dashed line); curve 4 = 3 weeks (dotted line); curve 5 = 
6 weeks (dot-dashed line). The spatial extent of dyskinesia decreased 
and the temporal pattern of dyskinesia changed progressively from 
30 min (dark solid line) to 48 h (light solid line) to 1 week (dashed line) 
after coronary artery ligation (p < 0.0125.30 min versus 48 h versus 
1 week) (see text). 
gressively (50%. 48%, 35% at 1, 3 and 6 weeks, respec- 
tively), as did the mid- to late systolic expanse of dyskinesia. 
Between 48 h and 6 weeks after infarction, the time at 
which the peak expanse of dyskinesia occurred shifted from 
42% of systole at 48 h to 25% of systole at 6 weeks (p = 
0.003). 
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Figure 2. Percent of rays exhibiting maximal amplitude of dyskine- 
sia per decile. A, Acute study. Polynomials fitted to the data for each 
of the acute study periods are shown by curves 1 to 5. Axes and 
curve definitions as in Figure 1A. B, Chronic study. The fitted 
polynomial functions for the chronic study periods are shown in 
curves 1 to 5. Axes and curve definitions as in Figure 1B (see text). 
Maximal Amplitude of Dyskinesia 
Acute studies. The time of occurrence of the maximal 
amplitude of dyskinesia for each of the acute study periods is 
illustrated in curves I to 5 of Figure 2A and the fitted 
polynomial functions tabulated in Table 2. The maximal 
amplitude of dyskinesia during the acute phase of infarction 
assumed a normal distribution centered in mid-systole (3rd 
to 5th deciles), with peak dyskinesia being uncommon in 
both early and late systole. Despite the small variations in 
the timing of peak dyskinesia, when the curves for each 
period were compared, maximal dyskinesia did not change 
during the acute study period (p = NS). 
Chronic studies. The temporal distribution of peak dys- 
kinesia in the dogs in the chronic study group at 30 min was 
similar to that observed for the dogs in the acute study group 
(p = NS). Curves 1 to 5 of Figure 2B depict the time 
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Table 1. Extent of Dyskinesia After Infarction in 17 Dogs 
Time Equation 
P 
Value r SDR 
Acute study (n = 11) 
10 min 0.36x3 - 6.7x2 t 34.10x 0.0001 0.94 4.82 
30 mint 0.34x3 - 7.4x2 t 44.10x 0.0001 0.98 3.70 
60 min 0.48x3 - 9.04x2 t 46.89x 0.0001 0.85 8.53 
100 min 0.30x3 - 6.53x2 t 39.75x 0.0001 0.92 6.65 
360 min 0.33x3 - 6.76x’ t 39.75x O.OOQl 0.88 6.46 
Chronic study (n = 6) 
30 min 0.58x3 - 10.47x2 t 52.05x 0.001 0.90 13.66 
48 h* 0.29x3 - 5.64~' t 31.99x 0.0001 0.91 4.16 
1 week* 0.44x3 - 7.%x2 t 37.00x 0.0001 ($96 4.78 
3 week 0.51x3 - 8.81x2 t 37.91x 0.0001 0.93 7.46 
6 week* 0.54~’ - 8.59x2 t 32.64x 0.01 0.82 13.33 
*p < 0.0125 versus the preceding time period. SDR = standard deviation of regression. 
variation in the maximal amplitude of dyskinesia in the 
chronic study group. A gradual shift in the timing of maximal 
dyskinesia toward early systole was seen between 48 h and 
3 weeks after infarction. The percent of rays exhibiting 
maximal dyskinesia in late systole (after the 6th decile) 
decreased markedly, whereas the percentage of rays show- 
ing rhaximal dyskinesia in early systole remained un- 
changed. The maximal amplitude of dyskinesia was present 
most frequently during the 3rd decile at 30 min (16%), the 4th 
decile at 48 h (14%), the 3rd decile at 1 week (16%) and the 
2nd decile at 3 weeks (16%). The most marked change in the 
temporal distribution of peak dyskinesia occurred between 3 
and 6 weeks with peak dyskinesia occurring at 16% of the 
way through the contraction sequence (2nd decile) at the 
final study (p < 0.0125 at 3 versus 6 weeks). 
Discussion 
Extent and pattern of dyskinesia after myocardial infarc- 
tion. The present study demonstrates that significant 
changes occur in both the circumferential extent and ampli- 
tude of dyskinesia seen during the process of infarct evolu- 
tion from acute coronary ligation to scar formation. At 10 
min after infarction, dyskinesia becomes apparent at the 
onset of systolic contraction, expands to its maximal spatial 
extent during the 4th decile of the normalized contraction 
sequence and then declines to approximately half of its peak 
expanse at end-systole. From 10 to 30 min, the circumfer- 
ential extent of dyskinesia increases at all points in the 
contraction sequence, but the pattern of dyskinesia within 
the infarct zone remains similar to that observed at 10 min. 
From 30 min to 6 h both the maximal extent and pattern of 
dyskinesia remain roughly constant. 
During the intermediate phase (6 to 48 h), when the acute 
and chronic study groups are compared, there is a change in 
both the maximal extent and pattern of dyskinetic move- 
ment. The time of peak dyskinesia occurs at a slightly later 
point in the contraction sequence and the size of the dyski- 
netic zone decreases. As the infarct evolves into the chronic 
phase (1 to 3 weeks), the primary change is a rapid decline in 
the spatial extent of the dyskinetic zone in late systole. At 
Table 2. Amplitude of Dyskinesia After Infarction in 17 Dogs 
P 
Time Equation Value 
Acute study (n = 1 I) 
10 min 0.006x4 - 0.003x’ - 1.32x2 t 8.03x 0.05 
30 min 0.041x4 - 0.73x3 t 3.12x2 t 10.08x 0.005 
lh 0.009~“ - 0.016x3 - 1.82x2 t 10.89x 0.05 
1.5 h 0.029x4 - 0.48x3 t 1.52x2 t 3.94x 0.02 
6h 0.049x4 - 0.%x3 t 5.22x2 - 4.7x 0.001 
Chronic study (n = 6) 
30 min 0.0048x4 t 0.037x3 - 1.86x2 t 10.34x 0.01 
48 h 0.034x4 - 0.62x3 t 2.72x’ t 0.17x 0.01 
I week 0.023x4 - 0.31x3 t .045x2 t 7.39x 0.02 
3 week -0.0047x4 t 0.27x3 - 3.59x2 t 13.56x 0.005 
6 week -0.071x4 t 1.56x3 - ll.01x2 t 24.66x 0.02 
*p < 0.0125 versus preceding time period. SDR = standard deviation of regression. 
r SDR 
0.83 6.13 
0.86 4.96 
0.82 7.65 
0.90 5.97 
0.88 3.19 
0.72 5.17 
0.88 4.03 
0.75 6.23 
0.81 4.23 
0.93 4.86 
JACC Vol. 13, No. 3 ASCAH ET AL. 735 
March I, 1989:73C-6 EVOLUTION OF THE CONTRACTION SEQUENCE 
the termination of the experiment (6 weeks), late systolic 
dyskinesia has virtually disappeared. At 6 weeks, the max- 
imal extent and the total expanse of dyskinesia at all points 
in the contraction sequence is less than during any other 
period. 
Timing of maximal amplitude of dyskinesia. The time at 
which the maximal amplitude of dyskinesia occurs also 
varies as the infarct matures. During the acute phase of 
infarction, peak dyskinesia occurs most frequently during 
mid-systole (3rd to 5th deciles). Between 48 h and 6 weeks 
after infarction, a significant, progressive shift in the timing 
of peak dyskinesia occurs, being latest at 48 h (5th decile) 
and then occurring progressively earlier. By 6 weeks, max- 
imal dyskinesia is most commonly observed during the 2nd 
decile and is not observed beyond the 5th decile. 
Relation to previous studies. Significant recovery of ven- 
tricular function has been demonstrated during the healing 
phase of experimental myocardial infarction (17). Studies by 
Hood (18) and Theroux et al. (19) indicate that increased 
systolic function is at least partially responsible for the 
improvement, However, these authors suggested that dimin- 
ished dyskinesia may also play a role. 
Temporal heterogeneity in the myocardial contraction 
sequence of the acutely infarcted canine ventricle was 
previously demonstrated with two-dimensional echocardiog- 
raphy (11). In that study, the maximal spatial extent and 
amplitude of dyskinesia occurred in the first one-third to 
one-half of systole at 1 h after acute coronary artery ligation. 
The time-varying changes in the contraction sequence as the 
infarct evolves have not been evaluated in a systematic 
fashion before the current study. 
Temporal variability in the myocardial contraction se- 
quence in chronically ischemic myocardium has previously 
been described with use of both angiographic and radionu- 
elide techniques (6,12-16). Leighton et al. (12) found that 27 
of 42 patients with coronary artery disease, but with normal 
end-systolic wall motion, had wall motion abnormalities 
detectable at mid-systole. Johnson et al. (13) found no 
differences in the standard ejection phase indexes (ejection 
fraction, mean velocity of circumferential shortening and 
mean normalized systolic ejection rate) between 10 normal 
subjects and 8 patients with left anterior descending artery 
lesions. However, the rate of volume change, the percent of 
stroke volume ejected and the normalized systolic ejection 
rate during the first third of systole were all significantly 
lower in patients with coronary disease than in normal 
subjects. 
The wall stress model of dyskinesia and temporal pattern of 
dyskinesia. The pattern of dyskinesia observed in our acute 
studies is consistent with the wall stress model of dyskinesia 
(20). Maximal wall stress generally occurs during the early 
part of systole. In the ischemic segment, wall stress may 
exceed the capacity of the muscle to develop tension suffi- 
cient to produce inward motion or resist deformation. The 
ischemic segment therefore bulges outward, reducing the 
radius of curvature and, as a consequence, the wall stress is 
decreased (20). Gault et al. (21) demonstrated that the time 
to peak wall stress is delayed and that it remained higher for 
a greater period of time in subjects with ventricular dysfunc- 
tion. The pattern of dyskinesia observed during the acute 
phase of infarction in our study, therefore, parallels the 
pattern of wall stress development (Fig. 2). 
As systole progresses, left ventricular pressure and wall 
stress decrease. At this point, border zones or even the 
ischemic zones may develop sufficient tension to allow 
shortening. However, the central infarct zone is frequently 
unable to shorten because of more profound anoxia and 
greater loss of myocardial fibers than the lateral zones. Also, 
the central infarct zones show a greater amplitude of dyski- 
nesia than do the lateral zones and, therefore, must exhibit 
greater inward movement than the lateral segments to re- 
cover from dyskinetic motion. This pattern of stress devel- 
opment and decay follows the timing of dyskinetic motion 
observed in the acute phase of this study and would explain 
the tendency of the lateral infarct zones to exhibit in early 
systole dyskinesia that resolves in late systole (22). 
As the infarct heals and scar contraction occurs, wall 
thickness and composition change and, after scar contrac- 
tion, the arc subtended by the infarcted segment decreases in 
size (23,24). The scarred segment, however, is still unable to 
thicken normally during isovolumic contraction and some 
outward motion is present initially, which probably repre- 
sents a rearrangement in ventricular shape. Once the wall 
begins to move inward, the scar will be pulled along by the 
surrounding normal myocardium and by end-systole, its 
position will fall within the end-diastolic endocardial outline 
and frequently within the lower normal range of motion. 
Therefore, in the chronic stage, the functional abnormality 
may be apparent only in the initial portion of systole. 
Clinical significance. The maximal effective cardiac work 
at the least metabolic cost is produced by smooth sequential 
myocardial contraction (1). Therefore, early systolic dyski- 
nesia, albeit transient, may be associated with myocardial 
dysfunction. This study emphasizes the greater prevalence 
of early versus late systolic wall motion abnormalities in 
both the acutely ischemic and chronically infarcted ventri- 
cle. The greatest extent and magnitude of dyskinesia occur 
progressively earlier in the contraction sequence as the 
infarct evolves. Therefore, studies of ventricular function 
after infarction that utilize the traditional systolic ejection 
phase indexes may fail to detect abnormalities of systolic 
function, especially in chronic infarction, underscoring the 
importance of evaluating the entire contraction sequence. 
An awareness of the temporal contraction pattern and its 
changes as the infarct evolves will be important in the use of 
wall motion analysis to assess interventional therapy. 
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